Introduction
Vegetation frequently recovers very rapidly after surface disturbance as a result of sprouting from perennial parts and germination of seeds buried in the soil. Buried seeds are usually from early successional species which are adapted to taking advantage of the 'open' habitat created by the disturbance. It is generally believed that such seeds have survived since these early successional stages were last present and that their germination at the time of the disturbance is induced by a change in the soil environment (Oosting and Humphreys 1940; Olmstead and Curtis 1947; Marks 1974) . In this study an analysis was made of the buried seed content in soil cores taken from different parts of the region east of Great Slave Lake, Northwest Territories. Oosting and Humphreys (1940) made one of the earliest thorough studies of buried seeds under forest vegetation, the examination of a group of stands that were believed to represent a successional sequence from recently abandoned cultivated fields to a > 200-year-old oak-hickory forest in North Carolina. From the stands they collected soil cores, which were placed in a suitable germination environment in a glasshouse. They found that species of early successional stages were present in soil that was collected from all other successional stages. The largest number of seeds germinated from soil of fields that were abandoned for 1 year and the most species germinated from soil 5 years after abandonment. Eighteen species of early successional stages were consistently present and viable in the soil up to 85 years after disturbance. Of the 18, only 3 species were found growing in forested conditions and then only in young forests. The species that were growing in older stands seemed to produce seeds that did not survive in the soil for any length of time. Oosting and Humphreys suggest that many early successional species are adapted for seed preservation in the soil in anticipation of a disturbance some time in the future.
Literature Review
Results have been similar from other reported studies in diverse forest vegetation types: Olmstead and Curtis (1947) in northern hardwoods of Maine; Quick (1956) and Quick (1961) in sugar pine (Pinus lan~bertiana Dougl.) in Oregon ; Kellman (1970a Kellman ( , 1974 in the coastal conifer forest of British Columbia; Karpov (1960) in the boreal forest of Russia; and Bazzaz (1968 Bazzaz ( , 1970 and Raynal and Bazzaz (1973) in abandoned cultivated fields on prairie and forested soils in Illinois.
Perhaps the most interesting recent study is that by Marks (1 97 1, 1974) and Marks and Bormann (1972) on pin cherry (Prunus pensylvanica L.), which appears to have perfected a 'buried seed' life style. Since the open, low-competition environment preferred by pin cherry is only present for a short time after disturbance, the and seed (fruit) which allow it to survive in the soil in large quantities for long periods. After disturbance in old stands it is able to germinate rapidly and occupy the habitat.
Areas Studied and Methods
The research was carried out east of Great Slave Lake, Northwest Territories. The climate of the region is humid continental with short, cool summers and long, cold winters. The average January temperature is -26°C and average July temperature is 17 "C. Precipitation is about 25 cm with half coming as snow and half as rain (Fort Smith, N.W.T., Atmospheric Environment Service). The surficial material is till over acidic Precambrian bedrock. The areas sampled were on upland soil, sandy in texture, base-poor with profiles that show an eluviated A horizon and illuviated B horizon. Permafrost was not found in these upland soils and cryopedological features were not noticed.
The vegetation is lichen woodland (Fig. 1 ) with a tree canopy predominately of Picea nrnriatro (Mill.) BSP, P. glaoca (Moench.) Voss, and Pitirrs batiksiana Lamb. with some Betula papyrifera Marsh. The ground cover is ericaceous shrubs (e.g. Etnpetrutn nigr~ttn L., Geocartlotr liuidutn (Richards) Fern., Ledrinl groenlatrdicrttn Oeder, L. palrrstre L. var. decunibens Ait., Voccitrirttt~ iti is-idaea L., V. rrligi~~osrrr~i L.), lichens (e.g. Cetraria spp., Cladotzia spp., Peltigero spp., Stereocartlon spp.,), and mosses (e.g. Aulncomtrirrtt~ spp., Ceratodon spp., Dicronrmn spp., Plerirozilrt~i spp., Polytricut71 spp.). See Raup (1946) , Larsen (1965 Larsen ( , 1971 , Argus (1966 ), Maini (1966 , and Johnson and Rowe (1975) for other details on the vegetation.
species has developed a reproductive strategy Cylindrical core samples of litter and soil, 10 cm in (Table 1) . After collection the samples were placed in opaque bags and stored in the dark for 3 months at 0 "C. The period between collection of the samples and storage at 0 "C was about 2 weeks, during which time the samples were kept in a cool dark refrigerator. After the 3-month stratification, the samples were thoroughly broken up and placed on a surface of sterilized sand in clay pots in a glasshouse. During the 1st month the pots were given 16 h of light, both natural and artificial (Sylvania Gro-lux), watered with tap water every other day, and kept at a daytime temperature of about 20 "C and nighttime temperatures of between 10 and 15 "C. In the 2nd month the light, watering, and temperatures were the same, but a weak solution of fertilizer was administered every I+ weeks, which simulates the nutrients released by fire.
Sixteen of the cores were collected at Selwyn and McCann Lakes after a crown fire completely destroyed the forest. These samples allowed determination of the possible affect of heat treatment on buried seed germination. Eight pots of sterilized loam were initially placed among the sample pots to detect contamination from seed in the glasshouse. During the duration of the experiment none of these sterilized loam pots showed any seed germination.
The pots were carefully examined for germinating seeds every 2 days for 2 months. Then the experiment was stopped and the samples were sorted and screened for seeds, using a technique described by Malone (1967) . Seeds were identified by reference to herbarium material and tested for viability using tetrazolium chloride (Delouche et a/. 1962) .
Results
Although the screening showed seeds to be present, no seeds germinated from any of the cores after 2 months of treatment in the glasshouse (Table 2 ). In the 62 cores, eight different kinds of seeds were found of which five were readily identified to genus and (or) species. Identifications between Picea mariana and P. glauca, and between Betula papyrifera and B. glandulosa Michx., were not possible given the condition of most of the seeds; thus they are considered together in the table.
Empetrum nigrum was the commonest species: its seeds occurred in 71% of the cores. Picea, Betula, and Vaccinium occurred next in 65%, 39%, and 5%, respectively. The only species identified in the cores that could be considered strictly a pioneer after fire was Corydalis sempervirens (L.) Pers. (one seed). Seeds of Empetrum, Picea, and Betula were found in samples collected under all ages and compositions of vegetation, with the exception of Picea in young pine stands. None of the Picea seed proved viable by the tetrazolium test in contrast with some of the Empetrum, Vaccinium, and Betula seeds. Table 3 divides the buried seeds into a series of categories suggested by Schafer and Chilcote (1969) . The scheme divides the total buried seed population(s) into four additive components.
(1) P,, are the exogenous (environmentally enforced) dormant seeds: those which should germinate under ideal environmental conditions. (2) Pen, are the endogenous (innate and induced) dormant seeds: those which require maturation of the embryo, removal of chemical and physical inhibitors, etc., before they will germinate. Seeds in this category are viable but will not necessarily germinate under 'ideal' environmental conditions. (3) D, are the seeds that are germinating in the soil. (4) D, are the non-viable seeds among the ungerminated seeds. P,, could possibly contain some individuals that belong in Pen,. Since all cores were cold-treated, the lack of any seed in either of these categories means that this misclassification does not present a problem. However, caution should be exercised in interpreting Pen, since all seeds showing a positive response to tetrazolium chloride were placed in this category. D, can only contain those seeds which are still present in the soil and not those which have been removed by predators or decay.
Possible seasonal variation in viable buried seeds was tested at Porter Lake (Table 3) by sampling in the same site at three different times during the growing season. No difference in germination response was found, although the number of seeds recovered in the cores varied. This difference is probably due to variation which results from the small number of samples since there is no seasonal change in the number of viable but non-germinating seeds.
The cores collected at Selwyn and McCann Lakes under fire-killed forest showed no seed germination despite the assumed heat treatment and subsequent fertilization. The comparison of samples from stands of different ages (after fire) and different vegetation compositions is shown in Tables 1, 2, and 3. Younger stands seem to have fewer seeds present in the soil, although no difference seems to exist in the viable but nongerminating component. The seed content of the cores reflects in general the species that are found in the stands as is evident in the scarcity of Picea and Betula seeds in stands dominated by Pinus banksiana.
Discussion

Vegetation Recovery
Examination of many recently burned areas in the subarctic indicates that recovery of the vegetation to form a complete ground cover is a very slow process. Vegetation sparseness several years after fire has been remarked on by a number of other observers (Banfield 1954; Kelsall 1957; Scotter 1964) . The results of our studypointing to a very small amount of revegetation from viable seed already buried in the soil-suggest one of the contributing causes for the slow rate of revegetation.
Examination of the means of reproduction of vascular plants known to invade after disturbance (Table 4 ) reveals that most early-appearing species either reproduce vegetatively from roots (or stems) that have survived disturbance or they reproduce from immigrant seeds. Thus the number of species that are capable of reproducing from buried seed is low. It should be noted that the organic layer of these soils is only rarely completely destroyed by fire.
The chief means of revegetation of perennial species such as the dwarf shrubs is by root sprouts. The 'filling in' of the bare spaces between the sprouters is dependent on seeds that are carried in by wind or animals. Therefore, 'succession' is dependent on immigration rates of species and sprouting of the established perennials. A similar situation was discovered in the ponds of different ages in England by Goodwin (1923) . He showed a logarithmic relationship between age and species number and interpreted it to mean that succession was controlled by immigration rate rather than autogenic effects alone (see also Egler 1954; Heimans 1954; MacArthur and Wilson 1963 ; Kellman 1970b ).
Environment and Buried Seeds
In all other conifer-forest buried-seed studies, seeds have germinated from the soil cores when placed in a suitable environment (e.g. Quick 1956; Karpov 1960; Livingston and Allessio 1968; Kellman 1970a Kellman , 1974 . Kellman (1 970a) noticed that the number of seeds that germinated from his cores was less than that in many other studies, but only in one other paper, that by Champness and Morris (1948) , has such a low population of buried viable seed as reported here been found. According to them the buried seed population in moor vegetation was very depauperate, except when Calluna and Juncus were present; only these two species seemed to produce seeds that are adapted for surviving and germinating in the soil.
A comparison of various studies in the literature shows that there is a decrease in the number Myerscough and Whitehead (1966) , Scotter (1964) , personal observation Ridley (1930) , personal observation Personal observation of buried seeds poleward (Table 5 , Fig. 2 ). Presumably this is related in part to the decrease in length of the growing season, in turn controlling two factors. First, there is a greater decrease in herbaceous species than in woody species, along with the general northward decline in species number,' and several authors (Oosting and Humphreys 1940; Olmstead and Curtis 1947; Livingston and Allessio 1968 ; Marks 1971) have pointed out that herbaceous plants seem to show a predisposition for adapting to a buried-seed method of reproducing, while woody species show almost complete exclusion from this kind of strategy. Secondly, the shorter growing season selects seeds that germinate rapidly when the conditions are favorable in order that seedlings may be adequately established by the end of the short growing season. This need to utilize more .completely the shorter growing season may affect the residence time a seed spends in the soil.
If the relationship between germination and growing season is valid, then germination rates 'It should be noted, given the limited number of studies, that the number of species of viable buried seeds does not seem t o decrease poleward consistently.
in boreal and arctic plants should be rapid and confined to a short period and germination should be less continuous or intermittent (cf. terminology of Salisbury 1929) . There is some supporting evidence in the literature. Nichols (1934) exposed seed of 19 boreal and alpine species to cold stratification and then put them in a suitable environment for germination. He recorded rapid and relatively simultaneous germination and concluded that adaptations to a short growing season were present. Bliss (1958) in a study of germination of 36 arctic and boreal species (see his Table 1 ) recorded a skew in the frequency of germination towards the earliest (minimum) germination time for about one half of his species. If those which did not germinate at all are excluded, the percentage of rapidly germinating species is 77. Steshenko (1966) has observed in the arctic Urals of Russia that fruit and seeds of many plants are shed while they are still unripe. He thought this to be an adaptation to reduce the time that the plant must supply energy to the seed crops. He also states that this condition results in more rapid germination.
It is generally believed for forest-vegetation types that the buried viable seed population Table 5 .
decreases from early successional stages to the terminal stage. Unfortunately actual evidence of this in the literature is generally lacking. Oosting and Humphrey (1940) give the best data collected along a well studied seral sequence. The only other study in forest vegetation that gives a seral sequence is by Livingston and Allessio (1968) . However, their sere is incomplete and contains only very young stages and one old forest. If any conclusion can be drawn from these two studies, it would be that any appreciable decrease in buried seed only occurs after the site is quite old.
It is obvious to state that our results from stands of different ages in the subarctic show no change in viable seeds with age; however, it is important to note that these results are consistent both with the suggestion of the effect of decreased growing season on the dormancy mechanism and with currently held ideas that buried seed mortality is due to loss of dormancy.
It is believed that the decrease in buried seed survival with age is due not only to loss of viability, although this plays some role, but also to germination through loss of dormancy and seed predation. Lewis (1960) in a study of known buried seeds of different ages found that the decrease in population was due to in situ germination. Taylorson (1970) also reported that buried viable seed decrease is due to predation, fungal pathogens, and germination. Schafer and Chilcote (1970) , using two species of rye grass, found that the largest decrease in the buried seed population in both species was due to germination. The annual species (Lolium mult8ora) had 30% of its seed in enforced dormancy while the perennial (Lolium perenne) had none of its buried seeds in enforced dormancy. Of the two species only the annual appears significantly in fields after abandonment of cultivation.
In conclusion, I should like to point out that the number of studies of buried seeds is very limited and that any attempts, as I have made, to relate changes in these populations to other biotic factors or abiotic factors must be considered tentative.
